Boolean Algebra and 

Logic Gates 


Introduction to Logic Gates 

It has been mentioned earlier that a computer works on the theory of 
ON and OFF. A ON is also 1, whereas OFF is known as 0. These two 
states can be called hot (High) (1) and cold (Low) (0), also. The 
language for computer is based on these Is and Os, rather than on 
decimal symbols or alphabet. 

For example, if alternate ON and OFF are recorded they can be 
symbolically represented as: 

1 0 1 0 1 0 1 0 

Such sequences ensure the beginning of a language that can be 
understood by both man and machine. The gate is a circuit with one 
or more input signals but only one output signal. 

Thus, we can say that Gates are digital circuits because the input and 
output signals are either low or high voltages. Gates are often called 
logic circuits because they can be analyzed with Boolean algebra. It is 
very helpful to know the first 16 binary numbers for 0 and 1, they can 
be represented as: 

Decimal Number Binary Number 


0 

1 

2 

3 

4 


0000 

0001 

0010 

0011 

0100 
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5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


0101 
OllQ 
0111 
1000 
1001 
1010 
ion 
1100 
1101 
1110 


Note that 0000 (0) is as much a number as any other number. 

All electrical components of the machine also work in binary form, 
i.e., they operate in one of the following two states. 


Magnets 

are either 

magnetised 

or 

demagnetised 

l 

Transistors 

are either 

conducting 

or 

non-conducting 

Electric pulses 

are either 

present 

or 

absent 

The system 

is either 

on 

or 

off 

- y 
& 

You 

are either 

sleep 

or 

awake 

The basic thing to understand here is that all the information given to 

the machine is in 

binary state. 

It is represented either by the presence 

or the absence of signals. 




Yes 

or 

No 


. 

True 

or 

False 



On 

■ : 

or 

Off 



1 

or 

0 

. . • . - ■ 



thefom Of blnar y_ s ys ,e m. is applied to the computer m 


are: 


".i'V'iA-- 




of Computer Logic Gates. The three 


main logic operators 


Vr-'Y; 
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and 

OR 

NOT 

And Gate 

Consider the following statement. 

jp Sachin scores a century AND gets 5 wickets THEN he will get the 
man of the match award. In this particular case, Sachin must meet 
both the conditions to get the man of the match award. If any one of 
the above condition is not met, he will not get the award. 

So this can be represented as follows: 

1 for conditions being met 

0 for conditions not having met 


OR 

Let us now look at the above in another way. 

IF Sachin scores a century OR gets 5 wickets THEN he will get the 
man of the match award. 

So in this case even if one of the two conditions are met, he will get 
the award. 

NOT Gates 

Here the things are different. It can be explained as. 

IF the input is 1 THEN the output is 0 

IF the input is 0 THEN the output is 1 

IF the input is NO THEN the output is YES 

IF the input is YES THEN the output is NO 

In other words, it reverses the signals and, for this reason, the NOT 
operator is called an INVERTER. 

Let us see how they are represented in the Boolean Algebra. 

The above mentioned AND, OR and NOT form the first^tegory. 
The second category of operators are: NAND, NOR and EXOR. 
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Fundame 


•oduce an output. Both 
s are Is, the output will 

it can be represented as; 


noncoru 
voltage, 
down tc 
down t 
output 


binary 


table shows all tne input —r 
,tes. Note that the AND gate h, 
,ut are high. In otherwords the 
t high output occurs only when a 
named so because of the fact t 
hen A and B both input contacts 

Two input AND Gate 


Low (0) L° w m 

Low (0) High (1) Low (0) 

High (1) Low (0) Low (0) 

High (1) High (1) High (1) 

The AND gate is named so because of the fact that a high (1) output 
occurs only when A and B both input contacts are high (1). 

More then Two Inputs 

Three input AND gate can be represented as follows: 


inputs are high 
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... m 

0 ,iconducting and the supply voltage pulls the output up to a high 
v , 0 | ta ge. if .all i n P uts are l° w > all diodes conduct and pull the output 
down to a low voltage. Even one conducting diode will pull the output 
down to a low voltage. The following table summarizes all input- 
output possibilities, in binary codes. 


’ Three input AND Gate 

A 

B 

c 

OUT 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

I 

1 

1 


An AND gate can have as many inputs are needed; add one diode for 
each additional input. Five diodes result in a five AND gate. Seven 
diode result in a seven-input AND gate. 

No matter, how many inputs an AND gate has, aertion is same, i.e., 
all inputs must be high to get a high output. 


Or operator 

The OR operation produces a pulse if its inputs are pulses. It is like a 
parallel circuit. An expression formed with OR operator is true if 
either of the given proposition is true or if all the proposition are true. 
. x .x t _it ran he reoresented as: 


















m 

t* ■ .• 


ri-' 


; 

i 


;1 !<■ 


■■■ 

'U, ; : 


Boolean Algebra; 


■ : 

• • 

• . 

•- 



■ --- ds for low voltage and binary 1 for high v 0 „ | 

The binary 0 hjgh inputs produce a high output; ^ 


gate 


NOT operator 

A K»fnre it is an inversion gate. It is unary in nature, ie 
As mentioned befo , bU Qt a time . n changes an input t 0 u , 

il iS P rr e t is represented by as: 0’s are replaced by l’s. and p s 
opposite state, n t of A wou ld be represented by /y 

are replaced by 0 s. i nc 

Logically, it can be represented as. 




jv 





\ 


r* 

It 



In the tabular form NOT gates can be represented as follows: 


IN 

Low (0) 
High (1) 

Or it can be represented as: 

IN 


OUT 
High (1) 
Low (0) 



Low 

High 


OUT 

Low 










Tb 

un 









Slrannerl hv ramSnannPT 


















make it easier to 


esentation 


The follow 

understand. 


fT midamcntals of Comput ers 

NAND operator __ .. 

This is a combination of AMn 

NAND is true if either one of n a " d N ° T - An „„ P . 

0 f them are false. The outp ul iJV."' 0 Proposition* ThU fDrmc<1 *1 

true. ( only when boththe 'mputs'are 

the three gates not 


All the three gates NOT AND n ^ ‘he inputs are 

t any NAND 8ateS - L ° giCal 'V- >‘ -l^preseX S r d * ^ 

: A . • 


(A.B) 


The following truth table reDresem.,,;„ •„ 

understand. opresentat.on w,U make it easier to 


Truth Table For NANn 1 

A 

B 

(A.B)’ 

I 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

1 


NOR operator 

It is a combination of OR followed by NOT. An expression formed 
by NOR is true if both the constituent propositions are false. Logically 


it can be represented as: 

Ir t * . ' > r 7 • ' ' ' « ' ' 

A 


(A + B)’ 
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EXOR operator 

This is an exclusive OR operation. An expression W ^ lse whe ^ 

is true if either one of the two propositions is true, bu Loeicallv 

both the propositions are true. It is representedyas 


it can be represented as: 
A 


B 




)k j i J 

A EXOR B 


The following truth table representation will make it easier to 
understand. 


Truth Table For EXOR 

A 

B 

A EXOR B 

1 : 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 


Now that you have seen the various logic gates and their operations. 
These form the base of all the logics which are used in the making of 
chips, which in turn form the base of the computer chips. 




Fundamen 


photogra 
a micro; 
Integrat 
resisters 
Large-s« 
Mediun 
srnall-s< 
same c 

The tw 

oxide 
on chi 
technc 
technc 
packe 

A dig 
levels 
conn* 
* devic 
circu 

Thes 


I 


DTI 

nov\ 

TT1 


Digital Integrated Circuits 

A manufacturer can produce miniature circuits on the surface of a 
small piece of semiconductor material called a chip, by using advanced 
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PMOS 

NMOS 


photographic techniques. The finished '--- —12s 

a microscope to see the connect " e,Work » too , m .„ 
integrated circuit (IC) bec ause ^ S “ch a circuit i s 'n , 

rasters) are an ln te gral part 6 f the ch ^ P?>ne "‘ 

Large-scale integration (LSI) refer P' 

Medium-scale integration (MSI) means .T; 100 S a '« per chin 

small-scale tn.egrat.on (SSI) refers the lCs 1 ° f ° gates <*" and 
same chtp. '- s with fewer than 12 on the 

The two basic techniques f or;manuf 

oxide semiconductor (MOS). The ft™ A ' ^ bipolar and metal- 

on chip; the second, MOS field-effect tr & . riCates bipolar transistors 
technology is preferred for SSI and MsTh^ 8 (M0SFETs )- Bipolar 
technology dominates the LSI field k . because it is faster. MOS 
packed into the same chip area. ecaus e more MOSFETs can be 

levels and supply vohages P . Thr^wdcomratible WUh “V"" 6 '° giC 

f connect the output of one device to the input of a^othenWUh the 

t* <f evlces of a d '8 ,tal fam,| y- you can create a wide variety of logic 
circuits. 6 

These families are in the bipolar category: 

DTL Diode-transistor logic 

4 

TTL Transistor logic 

ECL Emitter - coupled logic 

DTL uses diodes and transistors; this design was very popular bu 
now it is obsolete. TTL was introduced in 1964 by Texas instrument! 
TTL is a widely used family of digital devices. TTL is fas 

in#»Yfv»ri*»nr*#» and ftflSV to USe. 


inexperience, and easy to use. 

TTL uses transistors almost exclusively. It has become the_ 

popular family of SSI and MSI chips. ECL is t e ases 
and is used in high-speed applications. These families are 


p-channel MOSFETS 
n-channel MOSFETS 
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* complementary MOSFETS 

CM a .lowest type. It is now becoming obsot ete 

PMOS is the oldest ana s - jn i(s use for microprocessors and 
NMOS dominates the 1- , , manage ment of n-channel and 

memories. CMU» ^ «• t 
channel MOSFETS. 


Fundanxfma^. 


P~ 


The fust . 

described *‘.b 

same, inputs. 


channel MOSFETS. . _ cUel calculator, etc. In other 

CMOS is used in digital w r > consumption is needed, 

word, CMOS is used where low power 


This identic 


De Morgan’s First Theorem 

The following figure shows a two-input NOR gate and the Boo.ean 
equation for NOR gale is: 


Y = A + B 


De More 

The comph 
complemen 

bubbled Or 

The follow 
equation f< 



Y 


The truth table for tw o-input NOR gate is shown below. 

vn-i 


NOR gate. 


A 

_B 

A + B1 

0 

0 

i 

1 

0 

0 1 

0 

1 

o 1 

1 

1 

0 1 


The truth table for bubbled AND gale is shown in the following tabj 


Two-input bubbled AND gate 


B 


A B 


0 

0 

i 

l 


0 

1 

0 

1 


1 

0 

0 

0 
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Fundamentals of 

S; 1 

The first ec 
described a 
same inputs 


a 

fqtiate the m 

A + B = ~ 

f as D e Morg; 
equals the pro 

s Second The. 

of a logical product 
terms of circuitc * 


This identity is know 
complement of a sum 

De Morgan’ 

i The complement 
j complements. In 
bubbled Or gate. 

The following figure 
. equation for NAND 


input NAND gate and the Boolean 


The truth table for two-input NAND gate is described below 


Two input NAND gate 


The following figure shows the OR gate with inverted inputs (bubbled 
OR gate) and the Boolean equation for this is: 
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fundamentals of 


The truth table for bubbled OR gate is described below: 


Two-input Bubbled OR gate 

A 

B A 

~+¥ 

0 

' 0 

i 

0 

1 

i 

I 

0 

l 

1 

I 

O’ 


As there are < 
and second v 
variables and 
by a and th< 
following fig 

Find the out 
in for the in] 
is AB. Now. 
figure (b). 


The first equation describes a NAND gate and the second equation 
describes a bubbled OR gate. Since the outputs are equals for the - 
same inputs, we equate them 

AB* = A + B 

This is known as De Morgan’s second theorem. It says thr 
complement of a logical product equals the logical sum of tW 
complements. A NAND gate is equivalent to a bubbled Or gate. S 
you can interchange the circuit very often to reduce complicate, 
circuits to simpler forms. 




Karnaugh Maps 

A Karnaugh map is a graphical display of the fundamental product. V 
in a truth table. Many engineers don’t simplify equation with Boolea: 
algebra, they use a method based on Karnaugh maps. First we wil 

VV-- - . 

- - 




discuss how to construct a Karnaugh map for a given truth table. 

. / V •<"*• '• ’■ r * • • ■: ’ ’; . - ••••'- ‘ : ;V. >V 

Two Variable Map Similarly, 


Suppose you have a truth table, involving two variables as shown f appear 
the following table. this is 


A 

0 


B 

0 


Y 

0 


M above 


e hter all ( 


■ - . >? 'J' - - 

,-icS-K -'s-'-' ■& • ■ 

c. . raHH Hi 


Scanned by CamScanner 













1 


I 

A s there are only two variable hence n * 

and second variable represents the crT Vanab,e represents the rows 
va riabie s and their complements; the verf 1111 ! 8 ^° te orc l er °f the 
, A and the horizontal row has R f ,, Column has A followed 
following figure (a). 0 0We d by B as shown in the 

Find the output in the truth table. The first hi«i /i\ 

jn for the input of A = 1 and B = o Th^ r a (1) ° utput t0 appear 

is AB. Now, enter 1 in the Karnaugh funda " 1en,al P^ct for this 
fh) ^ ma P 1S s ^ own tn the following 


ation 
r the 

IT'.. 

the 
f the 


.So 

ited 


'■b \ 


v. 


(c) 


in 



B 

B 

B 

B 

A 



A 



A 



A 

1 



(a) 


(b) 


B 

B 


B 

B 

A 



A 

0 

0 

A 

1 

1 

A 

1 

1 


(d) 


ctsi 

;anj ; . 

find ,he other oulpm • * 

f appear is for the input A - 1 andB _ ding p | aC e as shown 
9 r this is AB. Now place the 1 at their c _ ^ karnaugh map, 

■; ab °ve figure (c). After placing the a ^ (he ?bove figure (d). 
er all Os in the renaming spaces as s ^ 
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Three Variable Map - . . ^ 5 o 

SuDDOse you have a truth table involving three variables as show, of 
(he following table. It is especially important to notice the or der ' m a 
the variables and their complements. The vertical column is rer 

A B, AB, AB and AB. This order is not a binary progression; j nsfea J n e 


D) AiJ? ji is wu 

it follows the order of 00, 01,. H and 10 


A 

B 

: C 

Y 

0 

0 

G 

0 ~~ 

0 

0 

1 

0 

0 

1 

0 

1 ~> A B c 

0 

1 

1 

1 --> A B C 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 


c c 


c c 

AB 


AB 


AB 


AB 

1 1 

AB 


AB 

1 

A B 


AB 



(a) 


(b) 




V ; ■ 


‘ • 



C 

Co 

AB 

0 

0 

AB 

1 

1 

AB 

0 

1 

AB 

0 

0 




m 


Fo 

M 

th 

St 


. • . . 
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Mow, look .he output Is i„ lhe above table Th 
of the variable are ABC, ABC, and ABC Pile 
,„ap are shown in the figure (b). The final -n 
j^rnaining space figure (c). This wiv J 

needed for the sum-of-products circuit. 8 
four Variable Map 

Mahy MSI circuits process binary words of 4 

thls reason, logic circuits are often designed t 
Suppose you have the following tm th fokl A 


L A 

B 

c 

s 

~Y ~ 1 

p 0 ' 

0 

0 

0 

0 1 
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' ~~—-^%>u 


product of variable must be in the same order. The vertical coW ^ 

__ . ^ ^ i a n TUa Nrvri'ynnl'il rnu; ip K.l , .. 


product ui vuuauiw muoi — .- . . 

labeled A B. AB, A B and AB. The horizontal row is labeled Let's Revise 

CD, C D and CD. A ' 

l j A computer wc 

Now, look the output Is in above table. The fundamental p r0( , OFF is known 

of variable are A B C D, A B CD, A B C D and A BCD. Plac e Cls 2 in AND open 
Is in Karnaugh map as shown in the following figure (b). The ^ The OR open 
step is to enter Os in the remaining space figure (c). This repre Se ^ 
the four variable Karnaugh map. 


CD CD CD CD 



AB 


. 


•| . V 


■ - 


' • 

.- 



CD CD CD CD 

AB 

1 ' 

AB 



i i 

AB 

i 

AB 



(b) 

. -i. •' 

CD ~CD CD CF 

AB 

0 1 0 1 

AB 

0 0 1 1 

AB 

0 0 0 1 

AB 

0 0 0 0 


r ‘ ; v' : 






(C) 


4 NOT operato 

5. NAND open 

6. NOR. operai- 

7 . EXOR oper 
8. The two ba 


oxide semi* 
9 . TTL uses 1 
10. CMOS is a 


11. A Karnauj 
truth table 


12. De Morgt 
product o 

13. DeMorg; 
equals th 




Answer 1 

1. What £ 

2. What: 

3. Defim 

4. Desci 




5. Defiti 




6 . Defu 






7. Defii 

8. Defi 


. . . . . ■ 

9 . Deft 

■ ... . " ■ •; 
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nental Pro . 

: D - Plac e J*' S 
' (b). The l hese 


a . ■ 


r a «nd 

fundamentals of Computers 
c/ucai coj u -— ' ~ 

's labeled c Let’s Revise 

, . A computer works on the theory of on 

OFF is known as 0 y 1 ON and OFF a , 

K A °N.s also 1 , whereas 

2. In AND operator two binary inputs 

Hlis repr;::^' % The OR 0pera,ion Peaces a " ° U ' PU1 - 

nts 4. NOT operator is an inversion g ate "* pulses ' 

’5. NAND operator is a combination of AND aiid NOT 

6 , NOR operator is a combination of 0R fo||owed by N0T 

7. EXOR operator is an exclusive OR operation. 


8 The two basic techniques fonmanufacturine Trs , w , 

oxide semiconductor (MOS). 8 S are b,po ar and metal- 


9. TTL uses transistors almost exclusively. 

10. CMOS is a push-pull management of n-channel and p-channel MOSFETS. 

11. A Karnaugh map is a graphical display of the fundamental products in a 
truth table. 

12. De Morgan’s first theorem says that the complement of a sum equals the 
product of the complements. 

13. De Morgan’s second theorem says that the complement of a logical product 
equals the logical sum of the complements. 


Answer the Following Questions 


1. What are logic gates? 

. 

A 2. What is an And Gate? 


3. Define OR and NOR Gates. 

4. Describe NOR operation. 


5. Define AND gate for more than two inputs 

* • 

It Define OR operator. 

7. Define NOT operator. 


8. Define the truth table of NOT operator 

9. Define EXOR operator 
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